Whole otoliths, sectioned otoliths, scales and vertebrae were used to select the most suitable for age determination of redfin perch, Percafluviatilis. Redfin perch were sampled from Trevallyn Lake and Brushy Lagoon using fyke nets, gillnets, electrofishing and rod and line angling. Age estimates were assessed for comparison between readings and among structures. One-way ANOVA of readability scores highlighted that sectioned otolith was the most obvious compare to other hard parts. Sectioned otoliths also showed the highest (93.9%) agreement between readings, followed by vertebrae (68.7), scales (38.8) and whole otoliths (29.9). Furthermore, there were no significantly different (p > 0.05) between first and second readings from sectioned otolith and vertebrae but significantly different (p < 0.05) to those from scales and whole otoliths. When sectioned otoliths' ages were compared with other structures, vertebrae showed the highest (47.6%) agreement to those followed by scales (25.2%) and whole otoliths (20.4%). Age estimates from sectioned otoliths were significantly different (p < 0.05) to the values obtained from vertebrae, scales and whole otoliths.This finding demonstrated that sectioned otoliths are the best hard part for age determination for redfin perch in Tasmania.
INTRODUCTION
Redfin perch are also known as reddies, European perch, English perch or Eurasian perch (Allen et al., 2002) . They were first introduced to Tasmania between 1858 and 1862 and to Victoria in the 1861, now distributed and considered a pest species throughout all southern Australian states, including Tasmania (Morgan et al., 2002; McAllister, 2007; Rowe et al., 2008) . Despite their pest species status, they can be an excellent sport fish because of their fighting and good eating qualities (Allen et al., 2002; DPI-NSW, 2011) . Moreover, they are capable of growing to 60 cm in length and 10 kg in weight, but generally in Australia, fish only reach around 40-45 cm in length and 1-2 kg in weight (Water Watch, 2011) . Although some individuals are capable of reaching these sizes, the majority mature early with populations becoming dominated by large numbers of stunted individuals of little recreational benefit (McAllister, 2007) .
Large redfin perch are a significant predator species of other fish species and are suspected to be one of the causes of reduced the numbers of recreational trout fisheries (Morgan et al., 2002; Rowe et al., 2008) . As they have also been shown to prey on juvenile trout, the success of trout stocking programs can also be affected. Consequently in redfin infected waters, stocking programs usually release larger yearling trout, which are more expensive to produce than fingerlings, to reduce predation pressures from the redfin population. In addition to being piscivorous when large, they also compete for habitat with native fish and in some cases have even totally displaced the native fish population from the invaded waterways. On mainland Australia, redfin are known to be carriers of the epizootic haematopoietic necrosis virus (EHNV) which causes a significant disease risk to other native and endangered freshwater species (Langdon, 1989; Whittington et al., 1996) . As a result redfin in NSW were upgraded to a Class 1 noxious species in December 2010. It means that they are classified as pest species that are dangerous to other fish and aquatic environments (DPI-NSW, 2011) . However, within Tasmania, the Inland Fisheries Service (IFS) has declared redfin as an "acclimatised" pest fish, where management efforts are focused on preventing further spreading rather than trying to control numbers of established populations (IFS, 2011) .
Age determination of fish using vertebrae is by counting the growth rings. This technique is useful for species which have no otolith like shark (Simpfendorfer, 1993) . There is no histological evidence of resorption from shark vertebral in their life history (Clement et al., 1992) . Filmalter et al. (2009) recommended that vertebrae are the most suitable hard part for yellowfin tuna age determination. However, such as otolith, using vertebrae are causing the death of fish (King, 2010) .
The use of otoliths is very reliable for determining age of fish (Maceina et al., 2007) by counting the annulus (plural, annuli). However, the most harmful of using otolith is always followed by the death of fish (King, 2010) .Another way for age determination is using vertebrae by counting the growth rings. This method is preferred for species that have no otolith like shark. Moreover, vertebrae show no evidence of resorption at any time in their life history (Clement et al., 1992) . Filmalter et al. (2009) stated that vertebrae are recommended for age determination in yellowfin tuna. However, many elasmobranch species are too poorly calcified to provide on age information (Goldman, 2004) . Furthermore, such as otolith, the use of vertebrae also followed the death of fish (King, 2010) .The objective of this study is to select the most suitable hard partfor age determination of redfinperch.
MATERIALS AND METHODS

Sample Collection and Biological Processing
Redfin perch were sampled from Lake Trevallyn between September 2011 and February 2012 using four different fishing methods (fyke nets, gillnets, electro fishing and rod and line angling). Due to poor capture numbers in Trevallyn Lake, additional fish were sourced from whole frozen samples captured from Brushy Lagoon in April 2009.
Hard Parts Handling, Readability and Age Determinations
Dried scales were mounted between two glass slides taped together with clear adhesive tape. Whole otoliths were viewed under a Leica MZ 9.5 stereo microscope fitted with a digital camera and photographed. Whole otolith images were analysed using Image J to determine otolith length (± 0.01 mm) and assign an age estimation reading. Once whole otoliths were read, otoliths and vertebrae were embedded in clear resin, transversely sectioned (600µm) using a gemmasta jewellers saw and polished with a 1.200 grit faceting wheel. Polished otolith and vertebrae sections were rinsed and allowed to dry prior to being mounted onto glass slides. Mounted vertebrae and otoliths were subsequently photographed using a Leica MZ 9.5 stereo microscope for later image analysis and age determination using the Image J program. The complete annual increment (band) consists of an opaque and translucent zone. Under reflected light, the opaque zone appears thin bright and the translucent zone appears thicker dark.
The readability of hard parts assessed was assigned from interpretation scores developed by Green and Krusic-Golub, 2002 with a scale from 1 (excellent) to 5 (unreadable). Age determination is by counting the growth rings in each hard part. Each hard part was aged twice to determine the level of consistency.
Comparison of Age Determinations
Age determinations were compared by calculating the Percent Agreement (PA), Index of Average Percent Error (IAPE) between readings and between sectioned otolith and other hard parts. PA was simply calculating the percent of age agreement between pairs. IAPE was calculating using formula from Beamish & Fournier (1981): wherex ij is the i-th age determination of the j-th fish, x j is the average age calculated for the j-th fish and R is the number of times each fish was aged.
Statistical Analysis
One-way (Analysis of Variance) ANOVA and Tukey post-hoc test were conducted to determine if readability scores significantly different among four different hard parts.Paired t-test was conducted to determine if determined age significantly different between first and second reading in four different hard parts and between sectioned otolith and other hard parts.
RESULTS
Sample Description
A total of 384 redfin perch were examined with fork lengths (FL) ranging from 81 to 404 mm (Fig. 1) . Although there was no differences in external morphology between sexes of the same size, males were typically smaller (range 81-169 mm) whereas females attained much larger sizes (range 85 to 404 mm). 
Readability of Hard Parts
Four different hard parts of redfin perch were observed to determine the age of redfin perch (Fig. 2) . One-way ANOVA analysis of readability scores highlighted that sectioned otolith was the most obvious compare to other hard parts (F 3,584 = 333.924; p< 0.05). Sectioned otolith had the lowest score (1.66) followed by vertebrae (2.69). Conversely, scale and whole otolith had poor appearance with score of 3.69 and 3.82, respectively. Interpretations of age determination from the same fish (fish no. 369) show that sectioned otolith had only one interpretation (4 years), vertebrae had two interpretations (4 and 5 years) and scale and whole otolith had three interpretations (3,4 and 5 years). Furthermore, sectioned otolith had the lowest readability score with score 2 followed by vertebrae with score 3. In contrast, scale and whole otolith had poor appearance with score 4 each (Fig. 3) . 
Inter Reading Variation Between First and Second Reading
The similar results were also obtained from the calculation of percent agreement (PA) and index of average percent error (IAPE) (Fig. 4) . It showed that sectioned otolith is the best in the precision of the age determinations followed by vertebrae, scale and whole otolith. Sectioned otolith had the highest PA (93.9 %) and the lowest IAPE with 1.2 %. Furthermore, paired t-test showed that sectioned otolith and vertebrae were the best hard parts in the precision of age determination. There were no significant difference between first and second readings in sectioned otolith (t = -1.677, df = 146, p = 0.096) and vertebrae (t = 0.499, df = 146, p = 0.619). In contrast, there were significant differences between first and second readings in scales (t = -4.036, df = 146, p< 0.001) and whole otolith (t = 12.668, df = 146, p< 0.001). For whole otolith, it showed that age was underestimated at 2 years or more, while age from scale was overestimated from 0 to 5 years.
Inter Reading Variation Between Sectioned Otolith And Other Hard Parts
The comparison of age determination among hard parts showed that there was significant difference between age from sectioned otolith with whole otolith (t = 29.231, df = 146, p< 0.001), vertebrae (t = 2.101, df = 146, p = 0.037) and scale (t = -14.792, df = 146, p< 0.01). Vertebrae showed overestimation from 0 to 2 years and underestimation at 3 years or more. Whole otolith and scale showed overestimation from 0 to 4 years and underestimation at 5 years or more respectively (Fig. 5) .
Age Structure
Due to the great accuracy and precision, only sectioned otolith were used in further analysis. Age frequencies were dominated by 1 year redfin perch with around 50 % of samples. When getting older, the frequencies were decreased only 2 % at age 6 years and 1 % respectively at age 7 to 10 years (Fig.  6) . 
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DISCUSSION
This study is the first published account to compare the readability among hard parts for age determination and back calculation analysis to assess biphasic growth in redfin perch. The results found that redfin perch grow up to 5 and 10 years for males and females, respectively. In another study, McAllister (2007) reported similar age structure in a separate population of redfin perch in Lagoon of Islands, Tasmania. McAllister also discovered that male and female redfin perch reached sexual maturity in their first year and the population became stunted. The redfin population was found to be dominated by 80% females (sex ratio was 4.1 females: 1 male). Similar results were obtained from previous studies, sex ratio was 3.4 -4.6 females: 1 male (McAllister, 2007; Pitman, 2009 ). In contrast, it is very different from Redfin populations in Western Australia where sex ratio was 1.75 females: 1 male (Morgan et al., 2002) . With females dominating, many eggs are produced and it is hypothesised that males do not need to reach larger size to continue their reproductive competitiveness.
In this study, redfin perch attained annual mean fork length at age back calculated of 75, 91, 107 and 127 mm for males and 78, 117, 146 and 172 for females over four years, respectively. This result is comparable to the length at age data reported by McAllister (2007) of annual mean fork length from observed age of 100, 111, 120 and 127 mm for males and 101, 144, 183 and 217 mm for females over four years, respectively.
Amongst all hard parts used in the age determination of redfin perch, sectioned otolith was found to be the most reliable hard part followed by vertebrae, scale, and whole otolith. Annual increments on the sectioned otolith were better defined and easier to read as compared to other hard parts. In many studies, sectioned otolith is the best hard part for age determination because of the highest precision (PA = 93.9 %) and the lowest ageing error (IAPE = 1.2 %). This result is similar to other studies in many species such as Africansharptooth catfish (Khan et al., 2011) , southern bluefin tuna (Gunn et al., 2008) , endemic tibetan fish and channel catfish (Buckmeier et al., 2002) . The suitability of otoliths for age estimation is also supported by the fact that otoliths do not show reabsorption and their growth is acellular rather than by calcification (Secor et al., 1995) .
CONCLUSIONS
The objectives of this study were to select the most suitable hard part for age determination of redfin perch in Tasmania. The results of this study indicate that sectioned otolith is the most suitable hard part for age determination of redfin perch. However, other hard parts did show annual growth increments but were not suitable for age determination due to their low accuracy and precision.
